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Video Title: 518 — Newton's Second Law - AP Physics 1 - Dynamics Review Supplement

Mr.p: Good morning. Let's do three
multiple-choice problems about friction to
review for the AP Physics 1 exam. This is a
part of my AP Physics 1 Ultimate Review
Packet, so, please, consider signing up at
Ultimate Review Packet dot com for the full
review. [ Flipping Physics J] Billy, please read
guestion one.
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Billy: Absolutely! ... Question 1. As shown, a
block of mass m sub b on a table is attached to
a string which goes over an ideal pulley and is
attached to a cube of mass m sub c. The block
and cube are currently at rest. If the coefficient
of static friction between the block and the table
IS mu sub s, the magnitude of the force
preventing the block from accelerating is best
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described by ... choice A, coefficient of static
friction times the mass of the block times
acceleration due to gravity, ... choice B,
coefficient of static friction times the mass of the
cube times acceleration due to gravity, ...
choice C, the quantity of the mass of the cube
plus the mass of the block all times acceleration
due to gravity, ... or choice D, the mass of the
cube times acceleration due to gravity.

Mr.p: Thank you Billy. Bobby, please begin
solving the problem.
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YF,.
e Bobby: Well, ... we start with the free body
diagram, of course.
e Billy: Actually, free body diagrams, plural,
because we need a diagram of all the forces

acting on the block, ... and a diagram of all the
forces acting on the cube.
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e Bobby: Yeah, that makes sense. ... There is
a force of gravity acting down on the block and
a force of gravity acting down on the cube. ...
There is a force of tension on each end of the
string, one acting to the right on the block and
one up on the cube. ... There is a force normal
from the table acting up on the block. ... And a
force of static friction from the table acting to
the left on the block.

Mr.p: Bo, please continue solving from here.

e Bobby: {working on the problem}

e Bo: Sure. ... What are we solving for?
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e Billy: The magnitude of the force preventing
the block from accelerating.

e Bo: ... S0, the force of static friction acting on
the block from the table?

e Billy: Yep!

e Bo: Okay. We need to sum the forces to
solve for the force of static friction. ... We
could sum the forces on the block in the
X-direction to solve for the relationship
between the force of static friction and the
force of tension and then sum the forces on
the cube in the y-direction and combine
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equations.

e Billy: Actually, it will take fewer steps if we
sum the forces on the block and the cube
simultaneously. We just need to define the
positive direction as to the right on the block

and down on the cube in order to do that.
o MF+=Fgc—Fr+Fr—Fss=ma,=m(@)=0= Fsr=Fyc=mcg

e Bo: Sure, we can do it that way. Let's sum
the forces on the block-cube system in the
positive direction. ... That equals the force of
gravity on the cube which is positive because
it is in the positive direction, ... minus the force

cs 1 Ultimate Review Packet Practice Exam!.docx Page 7 of 32



of tension acting on the cube because it is
opposite the positive direction, ... plus the
force of tension acting on the block which is
positive because it acts in the positive
direction, ... minus the force of static friction
acting on the block because, again, it is acting
opposite the positive direction. ... The two
forces of tension cancel out. ... The
acceleration of the block-cube system in the
positive direction is zero because it's not
moving. ... That means the force of static
friction equals the force of gravity acting on the
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cube, and that equals the mass of the cube
times the acceleration due to gravity. So,
choice D is the correct answer choice.

e Bobby: ... Uh, ... | got a different answer. |
got choice A as correct.

e Bo: How?

o 2fy=Fn—Fgp=mpa,=my(@)=0= Fy=Fg=myg

o [sr=MWsFy=HsmMpg

e Bobby: | summed the forces in the y-direction
on the block and got force normal minus force

of gravity on the block. The acceleration of the
block in the y-direction is zero, so force normal
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equals force of gravity on the block or mass of
the block times acceleration due to gravity. ...
And force of static friction equals the
coefficient of static friction times force normal.
So, the force of static friction equals the
coefficient of static friction times the mass of
the block times the acceleration due to gravity.
Which is choice A, not choice D.

e Bo: ... Right. ...
e Billy: Uh ... They cannot both be correct,
right?

e Bo: Right. This is not one of the questions
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which says it has two correct answers.

e Billy: Yeah.

Mr.p: ... Does the force of static friction equal the
coefficient of static friction times force normal?
e Billy and Bo: ... Yes?

e Bobby: No. ... The force of static friction is
less than or equal to the coefficient of static
friction times force normal.

e Billy and Bo: Oh!

e Bobby: What | found is the maximum force
of static friction. Right now in the problem, the
force of static friction is less than its maximum
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value. And we have to solve for the force of
static friction the way Bo did. That makes
sense.

e Billy and Bo: Yeah.

Mr.p: Yep. ... Billy, please read the next question.

Billy: Certainly! ... Question 2. A book with mass
m is at rest on an incline of angle theta as
shown. If the coefficient of static friction
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between the book and the incline is mu sub s,
and the coefficient of kinetic friction between the
book and the incline is mu sub k, which
expression best represents the force of friction
currently acting on the book? ... Choice A, the
coefficient of static friction times mass times
acceleration due to gravity times the cosine of
the incline angle, ... choice B, the coefficient of
Kinetic friction times mass times acceleration
due to gravity times the cosine of the incline
angle, ... choice C, mass times acceleration
due to gravity times the cosine of the incline
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angle, ... or choice D, mass times acceleration
due to gravity times the sine of the incline
angle.

Mr.p: Bo, please solve this one.

Fsf=Fg =mgsin®
e Bobby: {Working on the problem.}
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e Bo: ... Let’s start with the free body diagram
of the forces acting on the book. ... The force
of gravity is ... well, if this free body diagram
were the answer to a free response question, |
would have the force of gravity straight down
in my free body diagram, however, because
this is a multiple-choice problem and | know |
need the components of the force of gravity, |
am going to start with the force of gravity
parallel down the incline and the force of
gravity perpendicular down and perpendicular
to the incline.
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e Billy: Right. You never, on an AP physics
exam, put components of forces in a free body
diagram which is an answer on a free
response question, however, it is fine to do on
a multiple-choice question.

e Bo: That's what | said.

e Billy: | was just supporting you.

e Bo: Right. Thanks. ... Now we can sum the
forces on the book in the parallel direction. ...
Force of gravity parallel minus force of static
friction ... and that equals mass times
acceleration in the parallel direction. ...
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However, because the book is at rest, the
acceleration of the book in the parallel
direction is zero. ... That means the force of
static friction equals the force of gravity
parallel ... and that equals mass times
acceleration due to gravity times the sine of
the incline angle. ... So, choice D is the
correct answer choice.

e Billy: How do you know the equation for the
force of gravity parallel?

e Bo: It is one of the equations mr.p told us we
should memorize for the exam.
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e Billy: Okay, ... But how do you remember if
force of gravity parallel uses sine or cosine?

e Bo: Oh, easy. If the incline angle were zero,
the force of gravity parallel would be zero, and
the sine of zero degrees equals zero. So, it
must be sine in the force of gravity parallel
equation.

e Billy: That makes sense. The cosine of zero
degrees equals 1, so it would not be cosine.
Thanks Bo.

e Bo: You're welcome Billy. ... So, yeah, choice
D is the correct answer choice.
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e Bobby: ... Uh, ... | got a different answer. |
got choice A as correct.

e Bo: How?

o LFi=Fu-Fg =ma, =m(@)=0= Fy=Fy =mgcos®

® st — lJ-sFN — IJ-smgCOSe

e Bobby: | summed the forces in the
perpendicular direction on the book and got
force normal minus force of gravity
perpendicular equals mass times the
acceleration in the perpendicular direction.
And the acceleration in the perpendicular
direction of the book is zero because it's not
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moving. That means force normal equals force
of gravity perpendicular which equals mass
times acceleration due to gravity times cosine
of the incline angle.

e Billy: Yep. Cosine!

e Bobby: And force of static friction equals the
coefficient of static friction times force normal.
And we can substitute mass times
acceleration due to gravity times cosine theta
in for force normal to get that the force of static
friction equals the coefficient of static friction
times mass times acceleration due to gravity
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times the cosine of the incline angle. Which is
choice A, not choice D.

Bo: ... Huh.

Bobby: Yeah.

Billy: ... Really? Do you both not see it?

Bobby and Bo: See what?

Billy: The force of static friction does not
equal the coefficient of static friction times
force normal, the force of static friction is less
than or equal to the coefficient of static
friction times force normal. ... We just did this.
e Bobby: Oh right, we did just do this.
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e Bo: Yeah. The force of static friction
maximum equals the coefficient of static
friction times mass times acceleration due to
gravity times cosine theta and the angle must
not currently be large enough for the force of
static friction to be at its maximum value. That
makes sense.

Mr.p: Yep. Bo, please read the last question.

Bo: Question 3. ... A 20 kilogram block is at rest
on a table. A horizontal force of 140 newtons is
applied to a block, however, it is not enough to
move the block. Which of the following best
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describes what we know about the coefficient of
static friction between the block and the table?
... Choice A, the coefficient of static friction is
greater than or equal to 0.7, ... choice B, the
coefficient of static friction equals 0.7, ... choice
C, the coefficient of static friction is less than or
equal to 0.7, ... or choice D, the coefficient of
static friction equals 1.4.

Mr.p: Thank you Bo. Billy, please solve this one.
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Y F,=Fy-Fg=ma,=m(@)=0= Fy=Fy=mg
Y Fx=Fa—Fsg=may=m(0)=0= F,=Fgr=UsFy = Usmg
F, 140
mg  (20)(10)
e Billy: Absolutely! ... Well, we start with the
free body diagram of the forces acting on the
block. The force of gravity is down, the force

0510V Script - Flipping Physics AP Physics 1 Ultimate Review Packet Practice Exam!.docx Page 24 of 32

= 0.7

= Mg =



normal is up, the force applied is horizontal, ...
let’'s make it to the right, and the force of static
friction is to the left. ... And now we can sum
the forces in the y-direction. Force normal
minus force of gravity equals mass times
acceleration in the y-direction. ... Acceleration
In the y-direction equals zero. So, force normal
equals force of gravity or mass times
acceleration due to gravity. ... And now we
can sum the forces in the x-direction. Force
applied minus force of static friction equals
mass times acceleration in the x-direction. ...
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Acceleration in the x-direction also equals
zero. So, force applied equals force of static
friction which equals the coefficient of static
friction times force normal or the coefficient of
static friction times mass times acceleration
due to gravity. ... Rearranging the equation
gives us the coefficient of static friction equals
force applied divided by mass times
acceleration due to gravity. ... Substituting in
numbers gives us 140 divided by the quantity
20 times 10, ... 14 over 20 or 7 over 10 or 0O.7.
... 90, the coefficient of static friction equals
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0.7, the correct answer is choice B.

e Bobby and Bo: {turn and look and walit}

e Billy: What?

e Bobby and Bo: {still waiting}

e Billy: Oh, | made the same mistake as we did
before, right?

e Bobby and Bo: Yep.

e Billy: The force of static friction does not
equal the coefficient of static friction times
force normal it is less than or equal to the
coefficient of static friction times force normal.
... That means ... well, ... what we know

cs 1 Ultimate Review Packet Practice Exam!.docx Page 27 of 32



about this coefficient of static friction is that it
Is greater than or equal to 0.7. The correct
answer is choice A.

e Bobby: ... So, | get all that, but why does that
mean the coefficient of static friction is greater
than or equal to 0.7? Why wouldn't it be less
than or equal to 0.77?

{switch perspective}
Fa=Fsf=140N & Fy = F; =mg = (20) (10) = 200N
Forf < UsFy = 140 < us(200) = 0.7 < Ys = U > 0.7

e Mr.p: That's a fair question Bobby. One way

to look at it is that we have found the minimum
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coefficient of static friction necessary to keep
the mass from moving. If the coefficient of
static friction were larger than 0.7, the mass
would still not move.

e Bo: (But how do we know we found the
minimum and not the maximum coefficient
of static friction?)

e Mr.p: Okay. Uh, ... let’s solve it slightly
differently. We know the force applied equals
the force of static friction, so the force of static
friction in this example equals 140 newtons. ...
And the force normal equals the force of
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gravity which equals mass times the
acceleration due to gravity which equals 20
times 10 or 200 newtons. ... Then we can use
the equation for the force of static friction to
solve for the coefficient of static friction. Force
of static friction is less than or equal to the
coefficient of static friction times force normal.
... Substituting in numbers means 140 is less
than or equal to the coefficient of static friction
times 200. ... Dividing both sides by 200 gives
us 0.7 is less than or equal to the coefficient of
static friction. ... In other words, the coefficient
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of static friction is greater than or equal to 0.7
In this problem.

e Bo: (That makes sense. Thanks mr.p.)

e Mr.p: You are welcome Bo. ... So, notice this
was 3 questions which all had specifically to
do with the less than or equal to sign in the
force of static friction equation. ... All 3 of
these multiple-choice questions are different,
however, they all test your knowledge of that
specific part of that single equation. So, realize
the force of static friction equation is an
important concept to understand and, there
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are many ways to test your knowledge of a
single concept. ... Thank you very much for
learning with me today, | enjoy learning with
youl.
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